Antarctica is the coldest, iciest, windiest and driest continent and defines the limits of temperature at which life forms can survive and divide. These cold loving microorganisms are known as psychrophiles and are present in all the unique habitats of Antarctica including permafrost and ice. Their distribution and abundance varies from habitat to habitat and several new genera and species have been discovered in the icy continent. They have several strategies by which they survive and divide at low temperature such as the ability to catalyze reactions and continue metabolism with cold-tolerant enzymes; ability to maintain optimum membrane fluidity at low temperature; occurrence of specific genes required for survival at low temperatures; presence of antifreeze-activity etc.. Enzymes from psychrophilic bacteria have been found to be useful for several purposes ranging from recombinant DNA technology to food processing. The ability of cold-tolerant organisms to degrade petroleum products and other environmental pollutants highlight them as potential candidates for bioremediation in extreme cold environments. The recently reported genome sequences of a number of novel cold-tolerant isolates are likely to provide some more insights into the mechanism of bacterial cryotolerance.
Introduction
About 85% of the Earth's biosphere is permanently exposed to temperatures below 5 o C and these cold habitats span from the Arctic to the Antarctic, from high-mountains such as Himalayas to the deep ocean and also includes frozen soils (permafrost), glaciers and ice sheets, polar sea ice and snow (Deming and Eicken, 2007) . A major fraction of this low temperature environment is represented by the deep sea which constitutes 71% of the Earth's area. Other cold environments include cold water lakes, cold soils (especially subsoils), cold deserts, and caves. All these permanently cold environments have been successfully colonized by a class of microorganisms known as psychrophiles (grow from subzero to 30 o C) (Morita, 1975; Helmke and Weyland, 2004; Laucks et al., 2005) . Among all the cold habitats, Antarctica is unique in that it is the coldest, driest, windiest and iciest (with ice covered at an average thickness of 1.9 Km) of all known habitats covering approximately 5.4 million square miles in area and is thus considered as one of the most extreme habitats of the world (Vincent, 1988; Claridge and Campbell, 1977; Campbell and Claridge, 2000; Smith et al., 1992) . Despite the harsh climatic conditions, along with other life forms (such as mites, ticks, seals, penguins, mosses, lichens, bacteria, yeasts, algae etc) (http:// www.globalclassroom.org/antarct6.html), psychrophilic bacteria dominate the continent and aid in nutrient recycling (Stokes and Redmond, 1966; Herbert and Bell, 1977; Tanner and Herbert, 1981; Delille and Legarde, 1974; Tanner, 1985; Voytek and Ward, 1995; Chessa et al., 2000; Kelly et al., 1978; Cavanagh et al., 1996; Denner et al., 2001; Cavicchioli and Thomas, 2000) . Ekelof (1908 a and b) initiated studies on microbiology of the soil and air in Antarctica which was confirmed by Pirie (1904 ), 328 S Shivaji et al. Gazert (1912 , Tsiklinsky (1908) and McLean (1918 a and b) . Later the emphasis was to enumerate and identify unique microorganisms from the continent of Antarctica (Boyd, 1962; Boyd and Boyd, 1962; Friedmann, 1980; Margni and Castrelos, 1963, 1965; Marshall and Ohye, 1966; Meyer et al., 1962; Pfiser and Burkholder, 1965; Tsyganov, 1970) . However with the advent of culture independent identification of microorganisms based on 16S rRNA gene metagenomics a greater diversity of microbes from various habitats of Antarctica was discovered. Browsing the NCBI (http://ncbi.nlm.nih.gov) database for 16S rRNA gene sequences indicated that about 6000 16S rRNA gene sequences of bacteria from Antarctica have been deposited in the database. Of these close to 210 sequences corresponded to the novel species so far described from Antarctica (Shivaji and Reddy, 2009; Chattopadhyay et al., 2014; Reddy et al., 2016) .
Diversity of Antarctica as Studied by Noncultivable Methods
Antarctic bacterial diversity has been studied by both cultivable and non-cultivable methods (using 16S rRNA gene sequence and certain other functional genes) from various habitats including soil, cyanobacterial mats, water, sediments, sub-glacial out flow, crypto-endolithic sand stones, anoxic meromictic sediments, sediment core, ephemeral streams, ice core, geothermal vents, ornithogenic soil, penguins, sponges and intestinal microbiota of Antarctic fish (for reviews see Reddy et al., 2016; Shivaji and Reddy, 2009; Chattopadhyay et al., 2014; Bottos et al., 2014) . The bacterial abundance from the above habitats of Antarctica ranged from 0.2 x 10 2 to 0.6 x 10 12 cells/ gram (Carpenter et al., 2000; Priscu et al., 1999; Karl et al., 1999; Delille and Gleizon, 2003) , 0.2 x 10 2 to 10 7 cells/ml (Takii et al., 1986; Franzmann et al., 1990; Lo Giudice et al., 2012) and 8 x 10 6 to 2.4 x 10 7 cells/ gram (Lanoil et al., 2009; Stibal et al., 2012) and 10 5 to 10 10 cells/gm (Ramsay and Stannard, 1986; Aislabie et al., 2009) for ice, water, sediment and soil, respectively. Antarctic soils are highly heterogeneous and the diversity varied with respect to soil type. For instance, Antarctic Peninsula soils were dominated by Proteobacteria (47.0%), where as in West Antarctic soils and Transantarctic mountain soils Actinobacteria and Bacteriodetes (42.0% and 31% repectively) (Bottos et al., 2014) were dominant and in the Victoria Land soils Actinobacteria was dominant. Interestingly members of DeinococcusThermus are the third most dominating community (18.0%) in Transantarctic Mountain soils indicating that the bacterial communities across Antarctic soils vary significantly with geography, climate, soil physicochemical parameters and local biological influences. Further, unaffiliated clones associated with rare and unique taxa such as Verrucomicrobia and Gemmatimonadetes were also identified from Antarctic soils from Schirmacher Oasis . In addition to above phylotypes Antarctic peninsula soils, west Antarctic soils and east Antarctic soils contain several unkown phylotypes Aislabie et al., 2006; Yergeau et al., 2007 a, b; Niederberger et al., 2008; Aislabie et al., 2009; Lee et al., 2012; Tiao et al., 2012; Bajerski and Wagner, 2013; Aislabie et al., 2013) .
Limited diversity studies on Antarctic sediments from Bratina island (Sjoling and Cowan, 2003) , Ardley island (Li et al., 2006) , meromictic marine basin, Vestfold hills (Bowman et al., 2000) , Wright Glacier (Stibal et al., 2012) revealed the dominance of phylotypes belonging to Proteobacteria, CytophagaFlavobacterium-Bacteroides, Spirochaetaceae, Actinobacteria, Acidobacteria, Gemmatimonadetes, Firmicutes, Prochlorococcus, Cyanobacteria, Deltaproteobacteria (specially the unique groups of Desulfosarcina, Syntrophus and Geobacter/Pelobacter/Desulphuromonas group), order Chlamydiales (Parachlamydiaceae), Planctomycetes and members of Spirochaetales. Carr et al. (2013) identified a total of fifty bacterial phyla from marine sediments beneath the Ross Ice Shelf and the predominant taxa reported were Actinobacteria (6.0%), Bacteroidetes (46.0), Chloroflexi (25.0%), Firmicutes (14.0%), and the subphyla Beta-(20.0%), Delta-(25.0%) and GammaProteobacteria (8.0%). The Betaproteobacteria were represented by only two genera Thiobacillus and Teptidiphilum and there was unusually high proportion of Chloroflexi group. Bowman et al. (2000) demonstrated that anoxic marine sediments contained more than 200 distinct phylotypes with close to 31.0% belonging to the low G+C Gram-positives. Interestingly while studying the vertical distribution of bacterial phyla in fresh water sediment in which Proteobacteria, Bacteroidetes, Actinobacteria and Firmicutes were dominant. Shivaji et al. (2011) detected only in hydrocarbon contaminated water and the abundance of Sulfitobacter group was high in sea water and decreased drastically by almost 9 folds in contaminated seawater (Prabagaran et al., 2007) . The variation in marine and fresh water aquatic systems was evident in Atarctica. The fresh water ecosystems are dominated by groups such as Flavobacterium, Pseudomonas and Polaromonas (Michaud et al., 2012) while Sulfitobacter, Thalassospira, members of Roseobacter, Gelidibacter, Polaribacter, Psychroflexus, Psychromonas and Pseudoalteromonas were restricted to marine waters (Prabagaran et al., 2007; Guibert et al., 2012; Lo Giudice et al., 2012) .
Sea ice, in general, is a dynamic, porous matrix that harbors a network of brine pores and channels that harbor active (Junge et al., 2004; Søgaard, 2010) and diverse (Brown and Bowman, 2001; Brinkmeyer et al., 2003; Maas et al., 2012) bacterial communities. The ice-associated community contains photosynthetic, chemoautotrophic and heterotrophic bacteria beside Archaea and several other eukaryotes. Approximately 36%, 25% and 25% were contributed by Gammaproteobacteria, Alphaproteobacteria and Cytophaga-Flavobacterium group while members of Actinobacteria were very rarely present. Among the Gammaproteobacteria species of the genera Colwellia and Glaciecola were the most abundant and Marinobacter spp. were rare. The Alphaproteobacteria were dominated by members of the Roseobacter lineage while CF group was centered on Polaribacter group (Bowman et al., 1997; Gosink et al., 1998; Brown and Bowman, 2001; Junge et al., 2002; Brinkmeyer et al., 2003; Kuhn et al., 2014; Lanoil et al., 2009) . Besides, the occurrence of communities such as Shewanella, Marinobacter, Planococcus, Alteromonas, Pseudoalteromonas, Psychrobacter, Halomonas, Pseudomonas, Hyphomonas, Sphingomonas, Arthrobacter, Planococcus, and Halobacillus were also reported (Bowman et al., 1997) . The temporal community analyses indicated a shift in community wherein Paenisporosarcina was reduced by 5 folds while Bacillus increased by 4 folds. In addition, Acenetobacter and Cohnella replaced Paenibacillus and Jeotgalibacillus in a span of two years (Doyle et al., 2013) .
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Diversity of Antarctica as Studied by Using Functional Genes
Besides the routine 16S rRNA based diversity, functional gene based diversity was also explored from Antarctic habitats and the genes used were basically targeted to look for the sulfate-reducing bacteria (SRB), photosynthetic bacteria, hydrocarbon degrading bacteria, chitinase and ketosynthase producing communities. Targeting the gene dsrA (dissimilatory sulfite reductase), diverse group of sulfate-reducing bacteria was detected in Antarctic habitats (Karr et al., 2005) . Recently, Watanabe et al. (2013) detected phylotypes, based on aprA (adenosine-5'-phosphosulfate reductase alpha subunit) belonging to the genera Thiocapsa, Sulfuricella, Desulfobacterium, Desulfofaba and Desulfotomaculum from Antarctic fresh water lakes. While more than 70% of sulfur transformation in subglacial lake sediments was contributed by two genera Sideroxydans and Thiobacillus (Purcell et al., 2014) . Further, the involvement of Marinobacter, Roseovarius and Psychroflexus in marine-derived hypersaline lake in the Vestfold Hills, Antarctica, that has the highest concentration of dimethylsulfide (DMS) in a natural body of water was reported . The above studies indicated the dominance and involvement of Alphaproteobacteria and Betaproteobacteria in sulfate reduction and also aerobic anoxygenic photosynthesis in Antarctic habitats. In addition, based on Polycyclic aromatic hydrocarbon ring-hydroxylating dioxygenase (PAH-RHD) gene, diverse groups belonging to Proteobacteria, Actinobacteria, Verrucomicrobia, Bacteroidetes, Firmicutes, Chloroflexi, Gemmatimonadetes, Cyanobacteria, Chlorobium, and Acidobacteria were reported from Antarctic soils and sediments. Among these the genera Terrabacter, Mycobacterium, Diaphorobacter belonging to Gram-positives and Sphingomonas and Burkholderia of Gram-negatives were predominant (Muangchinda et al., 2014) . While 14 distinct phylotypes representing the genera Rhodococcus, Mycobacterium, Nocardioides, Terrabacter and Bacillus were identified from Antarctic sediments based on PAH-dioxygenases (Marcos et al., 2009) . Diversity studies based on alkane monooxygenases (Alk) genes from a sediment sample indicated the predominance of unique genes that are differentially distributed between the two sites, the Admiralty Bay and King George Island of Peninsula Antarctica. The gene sequences identified the genera Silicibacter, Gordonia, Prauserella, Nocardioides, Rhodococcus, Nocardia farcinica, Pseudomonas, Acidisphaer and Alcanivorax (Kuhn et al., 2009) . Besides, differential response of bacterial communities to hydrocarbon contamination was studied by Prabagaran et al. (2007) . Studies based on chitinase genes (chi67, chi69,chiA, chiB, chiF) revealed the occurrence of Janthinobacterium, Stenotrophomonas, Cytophaga, Streptomyces and Norcardiopsis as the abundant genera from a 1600 year old sediment obtained from Ardley Island, Antarctica (Xiao et al., 2005) . The phylogenetic analysis based on ketosynthase (KS) identified Proteobacteria, Firmicutes, Planctomycetes, Cyanobacteria, Actinobacteria, some uncultured symbiotic bacteria and five independent clades. Most of the identified KS showed below 80% identities at the AA level to their closest match revealing the great diversity and novelty of ketosynthase genes in Antarctic sediments (Zhao et al., 2008) . Based on gene pufM (a gene coding for photosynthetic pigment-binding protein) 33 unique phylotypes related to Rubrivivax, Acidiphilum, Rhodoferax and Roseateles were detected from Antarctic sediments (Karr et al., 2003; Stibal et al., 2012) . While studying the diversity of psbA gene from Lake Bonney, unique phylotypes of genera Nannochloropsis, Ochromonas and Isochrysis were identified (Kong et al., 2014) . The amoA based diversity studies indicated the dominance of only two genera, the Nitrosospira and Nitrosomonas, as the ammonium oxidizing community in Antarctic habitats (Magalhães et al., 2014) .
Diversity of Antarctica as Studied by Cultivable Methods
The cultivable bacterial diversity was explored extensively from various habitats such as soil (Miwa, 1975; Yi and Chun, 2006; Ruckert, 1985; Shivaji et al., 1988; 1989a; 1989b; 1991; Wery et al., 2003; Bozal et al., 2007) , water (Lo Giudice et al., 2012; Michaud et al., 2012; Soller et al., 2000; Labrenz et al., 2000; Cristóbal et al., 2011) , algal mats (Reddy et al., 2000; 2002; 2003a; 2003b; Van Trappen et al., 2002; Spring et al., 2003; Peeters et al., 2011) , ice Antibus et al., 2012; Bowmen et al., 1998) and sediments (Shivaji et al., 2011; Yu et al., 2011) and reviewed by Shivaji and Reddy (2009) (Hirsch et al., 2004; Antibus et al., 2012; Franzmann & Dobson, 1992; Chattopadyay et al., 2014) . Among the Proteobacteria, Gammaproteobacteria leads in abundance in soil (3%) and water (0.6%) while members of Epsilonproteobacteria were absent (Reddy et al., 2016 (Reddy et al., 2016 Chattopadhyay et al., 2014; Reddy et al., 2016) . The most common feature of the novel species of Antarctica is their psychrophilic growth wherein they grow from zero or subzero temperatures to 30 o C but not beyond. However, a few species like Alicyclobacillus pohliae (42-60 o C) (Imperio et al., 2008) , Aneurinibacillus terranovensis (20-55 o C), (Allan et al., 2005) , Anoxybacillus amylolyticus (45-65 o C) (Poli et al., 2006) , Bacillus fumrioli (25-55 o C) (Logan et al., 2000) , Brevibacillus levickii (15-55 o C) (Allan et al., 2005) , Paenibacillus cineris (8-50 o C) and Paenibacillus cookie (15-50 o C) (Logan et al., 2004) are moderately thermophilic and interestingly all these species were isolated from soil. The physiological characteristics with respect to the extracellular enzymes indicate approximately 79% of novel species secrete the enzyme phosphatase followed by protease (48.7%), lipase (48.5%), amylase (42%), β-glactosidase (32%) and urease (20%) (Fig.  2) . Further, 68% of novel species described so far Alphaproteobacteria contributed 10.5% of total novel species isolated so far and the 23 novel species belonged to 16 genera of which 12 were novel genera described from Antarctic habitats ( Table 1) . Six of the novel species contained Bacterial chlorophyll (Liu et al., 2014; Labrenz et al., 1999; Labrenz et al., 2000; Labrenz et al., 2005; Labrenz et al., 2009; Yu et al., 2011) and could exhibit photoautotrophic type of growth. Majority of the species produced Alkaline phosphatase and â-galactosidase but none of them secreted amylase while only 3 and 5 species exhibited the activity for protease and lipase, indicating that this group is responsible for the availability of phosphate in Antarctic habitats. The presence of pigment is a common phenomenon in all except in case of Constrictibacter antarcticus (Yamada et al., 2011) . All the species contained their respective generic characteristics and the major fatty acid was C 18:1 ω7c and the respiratory quinine was Q10.
Unlike Alphaproteobacteria, only very few species of Betaproteobacteria were isolated and the reason could be the inadequate information on conducive media conditions. So far four novel species belonging to 4 different genera were reported out of which 2 were novel genera. The genus Polaromonas vacuolata (Irgens et al., 1996) possessed intracellular gas vesicles. The genus Rhodoferax antarcticus contained bacteriochlorophyll (Madigan et al., 2000) . All the species possessed their respective generic characteristics and the major fatty acid and respiratory quinone was C 16:1 ω7c and Q8 respectively. Species belonging to Betaproteobacteria were the second largest group explored from Antarctic habitats. So far close to 44 novel species belonging to 18 genera were described of which 6 were novel genera. The genera Oleispira (Yakimov et al., 2003) and Methylosphaera (Bowman et al., 1997) were endemic to Antarctica. Further, novel family, Granulosicoccaceae, was reported from Antarctic water (Lee et al., 2007) . Majority of species produce phosphatase (70%) and lipase (64%) while enzymes protease (37.5%), urease (23.7%), β-galactosidase (22%) and amylase (16.7%) are produced by less than 50% of the novel species (Table 1) . Some of the novel species were interesting wherein Pseudomonas prydzensis produces chitinase (Bowman et al., 1998) , Oleispira antarctica can degrade hydrocarbons (Yakimov et al., 2003) , cells of species Saccharospirillum are microaerophilic (Labrenz et al., 2003) , Methylosphaera hansonii is a methanotroph (Bowman et al., 1997) and Alteromonas stellipolaris produces buds (Van Trappen et al., 2004) .
CFB group of bacteria dominated various habitats of Antarctica (Bottos et al., 2014) and constitute 35% of novel species from Antarctica. Interestingly all the novel species isolated were pigmented and yellow pigmented bacteria were the most common. So far 73 novel species belonging to CFB group were described and they belonged to 27 genera out of which 12 were novel genera. In addition, species belonging to the genera Antarcticimonas, Pricia, Sejongia and Subsaximicrobium were endemic to Antarctica. Among all the bacterial phyla from Antarctica, CFB group plays an important role in nutrient recycling as they produce phosphatase (91.5%), protease (64.7%, lipase (57.6%), amylase (58.8%), β-galactosidase (30.3%) and urease (15.4%). Species of the genus Polaribacter exhibited filamentous morphology while members of Gelidibacter, Psychroflexus and Subsaximicrobium exhibited gliding motility compared to other members of the phylum. Further, Flavobacterium frigidimaris, F. gillisiae and F. gondwanense were found to be rich in chitinase production. The yellow pigment found in majority of the species of CFB group is a carotenoid pigment and pigment involvement in low temperature adaptation was well established (Jaganadham et al., 2000) . The occurrence of pigment could be an important characteristic for the dominance of CFB members in Antarctic habitats compared to other group.
Novel species belonging to Firmicutes or Low G+C Gram-positive group contributed 13.8% (29 species) to the total unique species from Antarctica and 12 genera were the most common. The most common habit was soil but cyanobacterial mats also contained members of this group. Though most of the species were psychrophilic, this group also contained few moderately thermophilic species, (Logan et al., 2004) . Some members of this group were unique wherein Anoxybacillus amylolyticus produce significant quantities of EPS and amylase (Poli et al., 2006) , Carnobacterium species produces lactic acid (Franzmann et al., 1991) and Clostridium schirmacherense secretes proteases (Alam et al., 2006) . Further, members of Exiguobacterium possess a variety of phospholipids in their cell wall wherein they contained PE, PG, PI, PS, DPG in addition to some unknown lipids (Frühling et al., 2002; Chaturvedi et al., 2008) .
Close to 31 novel species representing 16 genera of Actinobacteria were reported from various habitats of Antarctica (Table 1) . Out of the 16 genera, six novel genera were described of which three genera Barrientosiimonas (Lee et al., 2013) , Marisediminicola (Li et al., 2010) and Rhodoglobus (Sheridan et al., 2003) were endemic to Antarctica. Some of the novel species are unique wherein Arthrobacter cryotolerans (Ganzert et al., 2011) produces H 2 S, Arthrobacter psychrochitiniphilus (Wang et al., 2009) (Mevs et al., 2000) . Majority of Actinobacterial species from Antarctica were pigmented indicating the role of the pigment in their survival at low temperatures. Some of the species possess unique lipids in their cell wall wherein PME (phosphatidyl methylethanolamine) and PMI (2,6,10,15,19-pentamethylicosane) are synthesized by Nocardiopsis fildesensis (Xu et al., 2014) and Streptomyces fildesensis (Li et al., 2011) respectively. Among all the species Leifsonia rubra (0 to 18) (Reddy et al., 2003b) and Rhodoglobus vestalii (-2 to 21) (Sheridan et al., 2003) are unique in having the true psychrophilic growth temperature.
The coldest and driest environmental conditions persisting in Antarctica also supported the inhabitation of desiccation and radiation resistant bacterial communities such as Deinococcus. So far, four novel species of the genus Deinococcus were explored and they are radiation resistant. All the species were psychrophilic and are capable of growing from 9 to 18 o C while Deinococcus antarcticus is a mesophile with a growth temperature range of 20 to 40 o C. All the novel species are pink to red colored with Lornithine as the cell wall diamino acid. All the species possessed unique and unidentified lipids belonging to phosphoglycolipids, glycolipids, phospholipids and lipids. These exceptional lipids can be explored for the further industrial applications and may also have a role in desiccation and radiation tolerance.
Some Unique Features of Bacteria from Extreme Environments
A majority of bacterial isolates from Antarctica shared many common features with respect to growth wherein the maximum growth temperature was below 30 o C with very few exceptions such as Alicyclobacillus pohliae, Aneurinibacillus terranovensis, Anoxybacillus amylolyticus, Bacillus thermantarcticus and Brevibacillus levickii (Lama et al., 1996; Allan et al., 2005; Poli et al., 2006; Imperio et al., 2008) . Earlier studies also revealed that the G+C content of 16S rRNA gene correlated with the growth temperature in prokaryotes. An elongation of helix 17 was observed in five out of eight true psychrophilic species of the genus Rhodoglobus and Leifsonia rubra (Reddy et al., 2003b) whose growth temperature was below 20°C. Occurrence of 16S rDNA operons with psychrotolerant signatures, the transitions from C and G to T and A, higher uracil content and G:U mismatches from mesophilic to psychrotolerant, was reported in the strains of Bacillus (Prüss et al., 1999; Lauro et al., 2007) . Further swollen sporangia were observed in psychrophilic strains of the genus Bacillus compared to their nearest mesophilic counterparts (Reddy et al., 2008; Abd El-Rahman et al., 2002; Larkin and Stokes, 1967; Priest et al., 1988) . Recently, Reddy et al., (2015) identified occurrence of an additional aromatic amino acid, proline, in the CspA protein of Kocuria polaris and assisting in adaptation to low temperature.
Cold Adaptation of Antarctica Bacteria
Various survival mechanisms at extreme low temperatures have been reported in Antarctica 342 S Shivaji et al. bacteria and reviewed earlier (Finegold, 1986; Ray et al., 1998; Shivaji et al., 2007; Shivaji and Prakash, 2010; Singh et al., 2014; Chattopadhyay et al., 2014) . Differential phosphorylation of lipopolysaccharides (low phosphorylation at low temperature) occurs in Pseudomonas syringae, an Antarctic psychrophilic bacterium, to modulate the permeability of outer membrane (Ray et al., 1994a) . In addition, a temperature dependent hosphorylation and dephosphorylation was also demonstrated in Pseudomonas syringae wherein a 65 kDa protein was found to be phosphorylated at low temperature while the 30 kDa protein gets phosphorylated at high temperatures (Ray et al., 1994b) . Further, several cold active enzymes have been studied in Antarctic bacteria and demonstrated the higher catalytic activity at low temperatures (Ray et al., 1992) . Several extracellular enzymes have been characterized from Antarctic bacteria which include a protease (Ray et al., 1992) , ribonuclease (Reddy et al., 1994) , alkaline phosphatase (Chattopadhyay et al., 1995; Rina et al., 2000) , subtilisin (Davail et al., 1994) , beta-lactamase (Feller et al., 1997) , citrate synthase (Russell et al., 1998) , RNA polymerase (Uma et al., 1999) , DNA ligase (Georlette et al., 2000) , β-galactosidase (Hoyoux et al., 2001 ) and lipase (de Pascale et al., 2008; Ali et al., 2013) . All above enzyme were catalytically active at low temperature and were heatlabile. The flexibility in activity at low temperature for enzymes from Antarctic bacteria were due to their unique structural features wherein the enzymes exhibited fewer residues of proline or arginine, decrease in hydrophobic residues and disulfide bonds and increase in polar amino acids (Gerday et al., 2000; Metpally and Reddy 2009; D'Amico et al., 2002) .
The survival of Antarctic bacteria was also due to the homeoviscous adaptation of membrane fluidity. At low temperatures the membrane fluidity was maintained by changing the fatty acid composition wherein the unsaturated fatty acids, short chained and branched fatty acids are synthesized in response to low temperature (Chintalapati et al., 2004) . Further, the cold inducible desaturases that convert saturated fatty acids to unsaturated fatty acids were also responsible (Chintalapati et al., 2006; Chintalapati et al., 2007) for adaptation of Antarctic bacteria. In addition, the role of cis-trans isomerase was also implicated in maintaining the membrane fluidity in Antarctic bacteria (Kiran et al., 2005) . Further, the increased syntheses of polar carotenoids were observed in maintaining the homeovisous status of the membranes (Jagannadham et al., 1991; Jagannadham et al., 1996; Chattopadhyay et al., 1997) .
Besides several genes and promoters involved in cold adaptation of Antarctic bacteria were explored. An amino acyltransferase (Sundareswaran et al., 2010) , trmE coding for GTPase (Singh et al., 2009) , hutU operon (Janiyani and Ray, 2002) , rpoS (Jovcic et al., 2008) , RecBCD (Pavankumar et al., 2010) gene were known to be up regulated during the cold growth. In addition several cold inducible promoters resposnsible for regulation of genes at low temperature were identified (Duilio et al., 2004) .
Our group has recently reported the genome sequence of a number of psychrophiles from different cold habitats like Antarctica (Sreenivas et al., 2014; Reddy et al., 2013; Kumar et al., 2013 a) , Arctic (Shivaji et al., 2013a; 2013b; Kumar et al., 2013 b) , Himalayan glaciers (Reddy et al., 2014) and Stratosphere (Shivaji et al., 2012) . A comparative genome analysis of Csps in the psychrophilic Sphingobacterium antarcticum, Oceanisphaera arctica and Exiguobacterium indicum indicated that CspA was present in all of them, Csp C, D, E and G were present in at least one of the 3 isolates whereas Csp B and I were absent (unpublished). The implications of this observation with respect to cold adaptation warrant further studies. Comparative genome analysis of psychrophiles besides providing information on the role of specific genes in cold adaptation would promise insight into the adaptive response of bacteria to other stressors (viz high salt, high and low pH).
Biotechnological Potential of Antarctica Bacteria
Cold-active and/or thermolabile enzymes obtained from cold-tolerant organisms are of immense biotechnological importance. A thermolabile phosphatase, from an Antarctic bacterium has been used for restriction enzyme digestion, dephosphorylation, enzyme inactivation, and ligation or end-labelling. In addition cold-active proteases are suitable for food processing and in leather industries and are also useful in laundries for removal of stains. Cold-adapted bacteria are capable of degrading hydrocarbons (Margesin and Schinner, 2001; Powell et al., 2006; Shukor et al., 2009; Timmis et al., 2010) but some hydrocarbons like asphalt are recalcitrant in nature and resist microbial degradation (Kimes et al., 2014) . Microorganisms having the capacity to degrade PCBs have also been isolated from both the Arctic and Antarctic regions (Master and Mohan 1998; De Dominico et al., 2004) . Several strains are also known to produce lipases useful in lipase-mediated biodiesel production (Moreno and Rojo, 2014) .
Conclusion
Microorganisms are a bioresource and the workhorses of biotechnology. Further extremophiles like the ones that survive under freezing temperatures are all the more important due to their ability to carry out biological processes under extreme freezing temperatures. This review focuses on the bacterial biodiversity of different habitats of Antarctica and explores their capability to survive under freezing condition and highlights their biotechnological potential. 
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